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THE EFFECT OF CHLORIDES ON THE NITRATES OF THE SOIL.

SOURCE OF NITROGEN IN THE SOIL:- Nitrogen occurs in

soil in several different conditions and is derived from

different sources. It exists as free nitrogen as a part of

the air where it is essential to the life of certain micro-

scopic forms, which seize upon and render it available for

higher plants. Temrorarily and in transitional stages, i-

trogen occurs in the soil as ammonia and as nitrous acid,

but these forms pass rapidly into nitric acid from which

most of the higher plants derive their chief su~pply. The

amount, therefore, of anonia or of nitrous acid existing in

the soil at any time is always small. In the form of nitric

acid, however, the soil contains considerable amounts of bi-

trogen as nitrates of lime or other bases, but in this form,

according to Warrington, the amount never exceeds five per

cent of the total nitrogen content.

By far the larger part of the nitrogen of soils is con-

tained in the humus and is gradually made available for the

plants by nitrification. The roots of all field crops,

too, contribute no small amounts of material to the store



of organic matter in the soil, which is converted into hu-

mus. The plants whose roots leave in the soil the largest

amounts of nitrogen are the leguminous specia, as alfalfa,

clover, beans and the lupines. These plants use the nitro-

gen of the air through the action of certain micro-organisms

living in their roots, and also leave in the soil large

emounts of nitrogen which is made available for other plants

in the form of humus, the result of nitrification.

FACTORS 7I{ICH DETERMINE THE AMOUNT OF NITRATES IN THE

SOIL:- There are three factors which deterine the amount

of nitrates in the soil at any given time:- the rate at

which nitrogen is made available for pl-ants; the rate at

which it is used by plants, or, the rate at which, through

the action of any agency, it is reduced. In the humid re-

gions nitrates are washed away considerably by rains but the

soils still contain sufficient nitrates to produce good

crors; or, in other words, the nitrogen in the soil usually

becomes available as nitrates fast enough and in a large

enough quantity to carry a crop to maturity in spite of the

washing or leaching away or whatever decomposition or reduo-

tion may have occurred. Analyses of soils of arid regions,
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show that they contain very small amounts of nitrates. This

may be due to the fact that the humus in the arid regions is

very scarce; (probably due to the scant vegetation resulting

from the slight rainfall); it may be that the nitrogen in

the humus is not rapidly nitrified, or, it may be that ni-

trogen does become available rapidly but is lost just as

fast through the action of some agency other than washing or

leaching. We could not expect to have as much nitrates in

the soils of the arid regions, which are poor in humus, as

in the soils of the humid regions which usually contain rel-

atively large amounts of humus due to the luxuriant vege-

table growth. It would be reasonable to expect very good

quantities of nitrates in the cultivated soils of the arid

regions, where alfalfa, clover or other leguminous plants

have been used as rotation crops; but analyses show relative-

ly small amounts of nitrates, probably clue to the action of

some reducing agent as theare is too slight a rain-fall in

the arid regions to produce any loss by leaching or washing.

FACTORS 7,IICH CAUSE LOSS Ol NITRATES:- There are sev-

eral factors which cause a loss of nitrates in the soil, as

leaching, the action of some forms of bacteria, and extreme

heat which may cause the decomposition of the salts. These

causes could not account for the lack of nitrates in the

arid regions where conditions do not allow any leaching or



any reduction by bacteria.

It is a known fact that the soils of the semi-arid re-

gions are remarkably poor in nitrates, but are very rich in

other salts, especially chlorides.1  On the other hand, the

soils of the humid regions are rich in nitrates but are poor

in chlorides, due to the facility with which these salts are

dissolved and carried away by rain waters.

The well lnoi fact that the chlorine reduces nitrates

under laboratory conditions led me to think that the lack of

nitrates in the soils of the arid regions iaay be due to a

reduction or to a decomposition of nitrates brought about by

the chlorides of the soil, which there are often as high as,

or exceed 75 of tle total salts of the soil.

A. H. Gill says that if chlorine in larger amounts

than seven parts per one hundred thousand of the liquid is

present in the samples of which nitrate deteninations are

to be made, it should be removed, as it affects the results

considerably, due to a reduction of the nitrates. Knowing

that this decomposition takes place under ordinary laborato-

ry conditions at a temperature of about 800 C., we performed

'University of Arizona, Bulletin 44.
ail1, A. H.,- Technical Quarterly, 1898.



a series of experiments under conditions as nearly similar

to those of ordinary field conditions as it was possible to

get in a plant house, to determine whether or not this de-

composition occurs in the field. Our results lead us to be-

lieve that such a reduction or decomposition in all proba-

bility takes place in the field, and that this change may

come in either of two ways: when in solution at temperatures

of 1000, or less; or, when heated together in the dry condi-

tion.

Many salts when together in solutimi in water undergo

decomposition at 1000 C., and at much lower temperatures.

It is piobably in this way that the decomposition or reduo-

tion of nitrates by the chlorides occurrs in nature.

An experiment was made to show the loss of nitrates at

different temperatures. Two samples of a standard KNO, so-

lution were taken to one of which a sodium chloride solution

was added and the other was left pure. Samples of each were

taken and evaporated at 800 over the steam bath; at about

650 over the steam pipes in the green-house, and at about

200 over sulphuric acid.

The following table shows that the saMles evaporated

at 200 over the sulphuic acid and those evaporated at 800

on the steam bath lost a smaller amount of nitrates than the

one evaporated at about 650, where it evaporated more slowly;



TABLE I.

TABLE SHOWING EFFECT AT DIFFERENT TEMPERATURES

OF CHLORIDES ON NITRATES.

(In parts per million).

Solution. 800 650 200

KNO, alone 5.0 5.0 4.8

KNO + NaCI 3.0 1.8 2,8

thus giving longer time under the influence of heat for the

reaction of the salts.

Many salts, when heated together, undergo decomposi-

tion. Nitrates give up their oxygen at relatively low tem-

peratures, breahing up into nitrites and, then, into free

nitrogen vhid oxygen. Nitric acid, at 80o, partially decom-

poses into water, nitrogen peroxide and oxygen.

$21KN0 = HB O + 2 NO3 + 0.

In the arid regions where the temperature is often 400

Centigrade in the shade, we have under the direct sunlight

a much higher temperature, especially in our conditions in

the Argentine Republic, where the insolation is much strong-

er, due to the fact that the earth is nearer the sun in sum-

mer than in winter in the southern hemisphere; vrhile, in the



northern hemisphere the earth is farther frcm the sun in

summer than in winter. It is reasonable to expect that und-

er the powerful influence of the aun's rays a decnposition

may take place similar to that under ordinary laboratory con-

ditions. The reaction may be as follows:-

2NH4NO& + NH40l = 6H2O + 01 + 5N.

The chloride reacts on the nitrate giving free nitrogen,

chlorine and water. The free chlorine acts on anonia form-

ing HOl and nitrogen.

2NHb + 301, = 6HOl + Na ;

or it may form anmonium chloride and set nitrogen free.

8NH + 301 = 6NH4 al + N2 .

Results led us to believe tat all or most of the de-

composition, or reduction of nitrates, through the action of

chlorides, takes place when both salts are in solution and

are repeatedly evaporated by the strong rays of the sun.

Salts in solution react much more easily and also at much

lower temperatures; we had such a reduction of nitrates und-

er ordinary room temperature. There is also, at such low

temperatures, a greater reduction when evaporation requires

a longer time since there is a longer exposire to the heat,

and, also, a longer period for the reaction of the salts.

In oir experimient in rrhioh we souCht to find the effect

of chlorides upon nitrates, im took scjaipes of pure, Lroun .



quartz, and to some added 50 cubic centimeters of a stand-

ard KN03 solution containing 0.0001 gram of nitrogen in one

cubic centimeter of the solution (1 c.c. = 0.0001 oT.N) and

to other samples we added 50 cubic centimeters of solutions

of calcium and sodium nitrates, respectively, made by dis-

solving 0.2 grams in 100 cubic centimeters of water. We

left two of each of the samples alone, as a check, and the

others we treated with solutions of NACL and NE 4 CL, made by

dissolving 0.5 grams, 5 grans, 10 grams, respectively, of

each of the salts in 100 cubic centimeters of water. After

mixing the sand carefully, we weighed out 50 grams of the

moist sand and worked it up in 250 cubic centimeters of

water. After the solutions were clear, we took 25 cubic

centimeters of each and precipitated the chlorine with 5

cubic centimeters of silver sulphate solution made by dis-

solving 2 grams of the salt in 100 cubic centimeters of

water, after Which each was filtered and evaporated to de-

termine the quantity of nitrates in it. In this connection

care should be taken to use a pure silver sulphate (AG 2 s0 4 ),

free from any trace of nitrates. The salt we worked with,

which was supposed to be puTe, contained nitrogen enougTi to

alter the results. We eliminated the silver nitrate by

working them away with pure alcohol: nitrates are soluble

in alcohol, while the sulphates are not. A much easier and



quicker way to purify the salt is to drive away the nitrates

by heat. At intense heat the nitrates break up into nitrites

.and oxygen. In salts, so purified, we could find no trace

of nitrates.

I We made our determinations every four days, always be-

ing careful to bring the sand up to the same amount of moist-i

ure before taking the samples for determinations. The sand

was left to evaporate at the ordinary green house temperature.

The method used for the nitrate determinations was the

colorimetric method, described by Professors King 7nc "Jhit-

son in Bulletin, Number 85, of this Station; that is, compar-

ing the samples with a standard KNO3 solution containing ten

parts per million of nitric nitrogen.

The following tables show that there is not a constant

decomposition, or a definite law according to which such a

decomposition talkes place, but that such decomposition does

really occur is shown conclusively by the tables. Since it

is known that there is a fixation of salts around the soil

grains, it might be Urged that this is the cause of the re-

duction noticed. That this is not the case is shown by the

fact that there was no reduction at all in the samples con-

taining no chlorine. Besides, the grains of the sand used

in this experiment were so much larger ( average 0.7 m.m. in

diameter) that it could not leave any doubt as to the differ-



TABLE II.

TABLE SHOWING DECOMPOSITION OF NITRATES IN GREEN HOUSE.

(Determinations Expressed in
Parts per Million of Dry Soil).

Material Used. 1. 2. 3. 4. 5.

KNO (alone)
KNOB (alone)

Ca(NO3 + (5) NaCl
NaNO, + 5NaCl

KNO+ (0.5)NaCl
KNOB +(0.5)NaCI

KNO_ +(5)1'raCl

KNO3 +( 5)NaCl

KNOB +( 5)NH, cl

Average -

KNO (alone)KNO;5 (al one)

Ca(NO + (5)YaCl
NaN0 3 + 5NaCl

KNO3 + (0.5)NaCl
KNO3 + (O.5)NaCl

KNO3 +(5)NaCl
KINO +(5)NaCl

KN0 +(5).Hu, cI

5.0
5.0

12.4
9.0

4.8
4.8

5.0

5.0

5.0

4.93
B.

5.0
5.2

9.0
6.4

3.4
2.8

3.0
1.8

5.6

5.4
5.0

10.8
8.0

4.4
4.6

4.6

4.4

4.8

4.56
7.

5.0
5.0

8.4
7.0

1.8
2.4

2.0
3.2

2.8

5.0
5.0

10.2
7.6

3.4
3.0

3.0

3.0

3.4

3.1 6
8.

5.0
4.8

8.0
5.4

3.0
2.4

1.8
2.8

2.4

4.6
4.8

9.8
7.0

3.4
3.2

2.8

2.6

3.2

3.04
9.

5.0
5.0

7.6
5.6

1.8
2.8

1.8
1.8

1.8

5.0
5.0

10.8
6.6

2.4
3.2

2.4

3.8

3.6

3.08
1O.

5.0
5.0

7.8
6.0

1.8
1.4

1.6

1.4

1.4

2.92 2.40 2.48 2.00 1.52Average.,-



TABLE III.

TABLE SHOWING DECOMPOSITION OF NITRATES

AT ORDINARY ROOM TEMPERATURE.

(Deternminations Expressed
in Parts per Million)

Material Used. 1. 2. 3. 4. 5.

KNO, (alone) 5.0 4.8 5.0 5.0 5.2

KNO_ + (5)NaCl 5.0 3.4 1.8 1.8 1.8
KNO . + (I0)NaCl 4.8 3.2 1.6 2.0 1.4
KNO + (1O)NH Cl 5.0 3.8 1.8 1.8 1.6

Average,- 4.95 3.40 1.77 1.88 1.6

ence of conditions.

To determine the cause of the variations in results

shown by Tables II. and III., we took samples of 250 grams

of pure ground quartz and treated them like the samples

whose results are shomm in Table III., except that we pre-

vented evaporation in this case by keeping the sand tightly

closed in Mason jars. Table IV., (page 12) shows the re-

sults obtained.

This table shows a constant reduction of nitrates,

thus explaining the variations in the other two tables.



TABLE IV.

TABLE SH0WING DECOMPOSITION OF NITRATES WHEN NO

EVAPORATION OF THE SAND WAS ALLOWED.

(Determinations Expressed
in Parts per Million)

Material Used. 1. 2. 3. 4. 5.

KNO3 (alone) 5.0 5.2 5.0 5.0 4.8
K11O3 (alone) 5.4 5.0 5.0 4.6 5.0

KNO5 + (lO)NaCl 4.6 2.6 2.0 1.6 1.0
KNO 3 + (10)NaCl 5.2 2.4 2.0 1.4 1.0

KNO3 + (lO)NH 4 Cl 5.0 2.8 2.6 1.4 1.2
KNO + (10)NH 4 ll 5.0 2.6 2.4 1.4 1.0

Average,- 4.95 2.6 2.25 1.45 1.05

The salts probably were fixed after evaporation around the

sand grains on the top and the little water used to bring

them to a constant amount of moisture was not enough to dis-

solve the salts and spread them evenly on all the sand.

If we examine the tables, we find that there is consid-

erable nitric nitrogen lost; in some cases, four out of five

parts per million were reduced, thus leaving one part which,

probably, would also have been decomposed had we left the

salts a longer time in which to react.



In the arid regions the soils seldom show amounts of

nitric nitrogen higher than ten parts per million, and, gen-

erally, only from one to three parts per million. These

small amounts of nitrates would be entirely reduced in a.

short time by the chlorides of the soil or of irrigation

waters, many of which contain large q~uantities of chlorides.

Cultivation of these soils under the present methods tends

to the accumulation rather than to the diminution of the

chlorides.

From Bulletin 44 of the University of Arizona we take

the following table, which shows the complete analysis of

some typical irrigated soils.

TABLE V.

RESULTS IN PER CENT OF SOLUBLE SALTS.

Surface Foot. Second Foot.
Salts, 6V of Soluble 21b of Soluble

Salts in Soil. Salts in Soil.

Na 00 0.31 1.5
NaC0- 2.20 11.50
NaCI 45.22 65.80
Na SO,• ..... 2.16
KCI 2.90
K SO & . 5.92
MgCI2  72
CaCI_ 39.78
OaSO, 3.62 7.84
OaCO, .*.. 7.28



Table V. shows the imiense quantity of the chlorides

compared with the other salts. The first foot has 95.19%,

and the second foot, 63.50/o of the total soluble salts in

the soil. This soil had been irrigated for twelve years

and it is said to have fairly good drainage.

The drainage and evaporation control in large part the

composition of the salts in the irrigated regions. Some

salts move with the soil water much more readily than oth-

ers, as, for instance, sodium chloride moves much more read-

ily than sodiun carbonate. In Arizona the following results

were found at different depths, down to four feet, in two

coltumns of soil one of which was taken from under a tree row

which had not been disturbe! for meny years; the other from

an adjacent deep furrow which was frequently flooded.

TABLE VI.

Sodium Carbonate. Sodium Chloride.

Depth. Tree. Furrow. Tree. Furrow.

First Foot. 0.002 0.017 0.662 0.017
Second Foot. 0.002 0.023 0.157 0.011
Third Foot. 0.00 0.010 0.087 0.017
Fourth Foot. 0.003 ..... 0.064 ...

The table shows that in the samples taken from the tree



rows where evaporation and consequent upward movement of

soil water had continued for a long time, the chlorides have

concentrated at the surface, while the sodim carbonates

have not. In the furrow, the chlorides have been carried

avay and the carbonates washed down.

The nitrates are also in larger quantities in the first

foot of soil than in the second and third, due to the fact

that most of the nitrates is made available as nitric nitro-

gen in the first foot. The follouing table shows the amounts

nitrates in the first, second, and third foot of some typi-

cal soils of the humid region.

TABLE VII.

TABLE SHOWING NITRATES IN PARTS PER MILLION

OF DRY SOIL IN A CLAY LOAM AFTER SEVERAL CROPS.

After After After
Depth. C orn. Oats. Clover.

First Foot, 26.0 29.16 26.18
Second Foot, 18.84 10.42 13.40
Third Foot, 12.,26 11.511 11.99

A comparison of the last two taxbles shows that both the

nitrates and chlorides are concentrated near the surface,

thus leaving the salts to react; as a consequence, re should



have a reduction or decomposition of the nitrates up to a

certain degree, which would leave hardly enough nitrogen to

produce any vegetable growth unless the loss is made good in

some way.

In the humid regions there is no danger of such a thing,

because the rain waters wash away the chlorides until only

traces are left. In a series of determinations for nitrates

in some soils of' Madison we failed to find any reduction,

undoubtedly due to the very small amounts of chlorine pres-

ent. But in the arid regions this decomposition of nitrates

by chlorides should receive more attention and thought. The

rapid evaporation of the soil moisture tends to concentrate

the salts near the surface, producing in this way the right

conditions for such decormopition of nitrates to take place

indefinitely.

Under the present methods of irrigation, a careless

farmer would, in a short time, have his soil entirely devoid

of nitrates, as the irrigation waters of the west generally

contain large amounts of chlorides in addition to the al-

ready large amounts in the soil.

Nitrogen is the most valuable constituent of the plant.

It is also the most costly, not because of its scarcity, (be-

cause it is most plentiful, composing four-fifths of the at-

mosphere) but because of the difficulty with which it com-



bines. Nitrogen is a very inactive element and hence the

costliness of nitrates. 22elants can use nitrogen in any

form other than nitrates, excent those of the leguminous spe-

cia which use that of the air because of the action of some

microorganisms which live in their roots, forming the well-

known nodules of the leguminous specia. Conputing the price

of nitrogen at fifteen cents per pound it is clearly shown

that the farmer loses a large amount of money through his

soil because of the reduction of nitrates through the action

of chlorine. It can be easily seen, also, that by a proper

method of cultivation, the farmer can save considerable

money which he annually expends in putting back into the so

soil the fertility which is lost daily from it because of

his ignorance or carelessness.

A thorough system of cultivation, or of mulching, and a

perfect soil drainage which would prevent evaporation, would

dispose of a considerable part of the chlorides of the sur-

face, thus destroying the conditions for and diminishing the

chances of such a decomposition of nitrates by chlorides.



RESULTS.

I. There is indefinitely going on, under ordinary con-

ditions in the field, an actual reduction or deccmposition

of nitrates through the action of chlorides.

II. The decomposition of nitrates by chlorides occurs

when both salts are in solution and left to evaporate slowly.

III. There is more reduction when the salt solutions

evaporate slowly at about 300 to 600, than at 1000, when

they evaporate rapidly.

IV. This reduction of nitrates may be greatly dimin-

ished by proper cultivation, or mulching, and by perfect

drainage.

V. The soils of M-Aadison possess too small an amount

of chlorides to produce any reduction of nitrates.



APPROVED ....
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